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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
(57) [Claim(s)] 

[Claim 1]a flow instrument which outputs a flow pulse of a discharge coefficient defined in 
constant flow characterized by comprising the following to be examined, and a section - the 
inside of a fixed cylinder - liquid - the series connection of the reference volume pipe which 
has a piston which can slide densely being carried out, and. Flow instrument test equipment 
which measures a reference body product which a piston moves in a predetermined section in 
a cylinder, and becomes settled, and volume by a flow pulse which a flow instrument to be 
examined outputs, and examines a flow instrument to be examined. 
A standard deviation calculating means which computes the irregularity of said flow pulse as 
standard deviation sigmal. 

An Incorporation pulse number calculating means which incorporates from said flow pulse and 

computes pulse number N as N=(C/R^) ^-sigma^ (however, C and a constant) when 

considering a predetermined proving number of passes of said piston as one run and making 
repeatability at the time of 1 run into R ^. 

A proving number-of-passes calculating means which computes proving path several Np as 
Np=(R ^/R^ ) — (however, b constant) based on said incorporation pulse number N when setting 

a proving number of passes per two runs to Np and setting to R2 repeatability for which it asks. 
A driving means which drives said piston based on said proving path several Np. 

[Claim 2]a flow instrument which outputs a flow pulse of a discharge coefficient defined in 
constant flow characterized by comprising the following to be examined, and a section -- the 
inside of a fixed cylinder -- liquid -- the series connection of the reference volume pipe which 
has a piston which can slide densely being carried out, and. Flow instrument test equipment 
which measures a reference body product which a piston moves in a predetermined section in 
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a cylinder, and becomes settled, and volume by a flow pulse which a flow instrument to be 

examined outputs, and examines a flow instrument to be examined . 

A discharge coefficient calculating means which defines a proving number of passes per 1 

measured frequency, and computes a discharge coefficient for this every proving number of 

passes. 

A standard deviation calculating means which computes standard deviation of a discharge 
coefficient to this computed discharge coefficient. 

When an examination is ended when said standard deviation is below repeatability of a regular 
discharge coefficient, and repeatability of said regulation is exceeded, A main operation 
machine which has a determining function which makes measured frequency 2 times when a 
proving number of passes per 1 measured frequency is defined according to a size of standard 
deviation of a discharge coefficient and this proving number of passes exceeds a 
predetermined number. 

A drive control section which drives said reference volume pipe based on an output of this 
main operation machine. 



[Translation done.] 
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[Drawing 1] 
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[Drawing 3] 
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[Drawing 4J 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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IThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention nnore the flow instrunaent which sends an irregular flow 
pulse to be exanained about the flow instrunnent test equipnnent which does an instrunnental 
error test using a reference volunne pipe in details. It is related with the flow instrunnent test 
equipnnent which has a function which connputes the nunnber of tinnes of a flow exannination 
required in order to obtain the test result of the repeatability which requires said flow 
instrument to be examined using a small volume proven 
[0002] 

[Description of the Prior Art]The absolute examining method [ said reference body product or 
weight / reading / of the flow instrument measured while the test method of a flow instrument 
connects in series the container and the flow instrument to be examined which have the 
volume of a standard and the fluid volume of a standard circulates in said container to be 
examined ], There is a comparative study method searched for from the comparison of reading 
with a standard flowmeter, and when requiring highly precise instrumental-error accuracy, the 
examining method is used absolutely. It is common to apply the reference tank method in 
comparison with a reference body product and a reference volume pipe method in this 
absolute examining method. Since the capacity between the up-and-down levels of this 
reference tank is the capacity of a standard, a reference tank method reads and detects an up- 
and-down level, and a reference volume pipe method is based on the capacity In the 
predetermined section of the reference volume pipe of a uniform section. 
[0003]ln [ read an up-and-down level, a reference tank method requires the time and effort of 
computing a floor area standard from this reading value, although it is inefficient, it compares it, 
and ] a reference volume pipe method, SUFEA which consists of a ball made of rubber of the 
outer diameter of a grade which it is more slightly [ than this reference volume pipe inside 
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diameter ] large, and small differential pressure can also move is inserted, While this SUFEA 
passes the position transducer (it is called a detector) allocated in the standard section, since 
an instrumental error test is done as compared with the number of flow pulses sent from a flow 
instrument to be examined, remote control is possible, and, moreover, automation 
measurement also has the feature which can perform a rational examination from an easy 
thing. 

[0004]A flow instrument examination is followed on the appearance of a highly precise flow 
instrument, and diversification of measurement fluid, It is requested that a flow instrument is 
examined in real time. In a reference volume pipe method, the flow instrument test equipment 
(small volume prover; henceforth referred to as SVP by Small Volume Prover) using a 
reference volume pipe with brief small capacity comes to be used, and the size of a device is a 
thing of the grade which it is carried in a car etc. and can be conveyed. 
[0005]Fundamentally, into a cylinder with a uniform cross-section area, the seal of the SVP is 
carried out, it inserts a piston movable so that there may be no liquid leakage, and volume 
comparison is made from the volume discharged with piston movement of a predetermined 
section (set in a detector position), and reading of a flow instrument to be examined. 
[0006]About the test system of SVP, API (American Petroleum.) Institute : "Manual of 
Petroleum Measurement Standards and Chapter 4-Proving Systems;Chapter which were 
published by American Petroleum Institute in June, 1988. The 3rd paragraph of 4-Proving 
System": (petroleum measurement standard manual chapter 4 proving system) is shown the 
manual about SVP. 

[0007]Although the test method of the flow instrument by SVP compares the volume of the 
reference volume pipe of the dispatch section sent from a detector like the above-mentioned 
with the number of flow pulses sent to during this period, A period after the detector at the time 
of a measurement start sends until the first flow pulse is sent. The volume below the period 
between the dispatch signal which a detector sends at the time of the end of measurement, 
and the flow pulse sent before and after sending this dispatch signal, i.e., a flow pulse interval. 
The method (it is called a double timing method) of asking as a ratio of the pulse number of the 
clock pulse of high frequency, and asking for the volume of an odd part as the sum or the 
difference of this ratio is applied. 

[0008] However, in a double timing method, it is conditions to carry out with constant flow in an 
examination and that a flow pulse is sent at equal intervals thoroughly, a flow is not constant, 
or when the dispatch interval of a flow pulse is not constant, it becomes the part error. 
[0009]Dispersion in the pulse of a flow pulse changes with methods of a flow instrument to be 
examined, when it is the turbine meter with which the rotator rotated in proportion to a flow and 
the flow instrument transmitter are close, the flow pulse at equal intervals which was excellent 
in the signal to noise ratio is sent, but. When rotation transmission mechanisms, such as a 
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gear, intervene between a rotator and a flow rate transnnitter, in the case of the positive 
displacement flownneter which does not have the angle of rotation and discharge quantity of a 
rotator in proportionality, dispersion in a pulse arises. 

[0010]According to said nnanual of API, with the flow instrunnent to which the rotator and the 
flow rate transmitter are close, in order to make instrumental-error repeatability (reproducibility) 
into 0.05%, five examinations are done, and it is shown that a meter factor (discharge 
coefficient; a liter/pulse) is computed as these average value. 

[0011]ln the examination of the flow instrument which sends the flow pulse of an unequal pulse 
interval, the piston moving number (it is called a proving number of passes) of proving is 
increased, or the treatment of setting up the common difference of repeatability greatly is 
called for. 

[0012]For example, by less than [ repeatability 0.1% ], the repeatability of the flow instrument 
increased and it is said that the quality of average value improves simultaneously as 10 times 
of proving numbers of passes are required and also a proving number of passes increases. 
However, nothing is described about the relation between the repeatability required as a 
proving number of passes, and dispersion of a dispatch pulse. 
[Objects of the Invention] 

[0013]ln this invention, it was made in view of the above-stated problem. 

Therefore, it is a thing aiming at providing the flow test equipment which asks for a proving 

number of passes required in order to obtain RIPITABIRITEI to demand when examining a 

flow instrument with dispersion in the pulse of a flow pulse, While acquiring a reliable meter 

factor, the proving path of the unnecessary number of times is lost, and it aims at saving of test 

time. 

[Elements of the Invention] 

[001 4]a flow instrument with which this invention outputs a flow pulse of a discharge coefficient 
defined in (1) constant flow to achieve the above objects to be examined, and a section ~ the 
inside of a fixed cylinder ~ liquid ~ the series connection of the reference volume pipe which 
has a piston which can slide densely being carried out, and, In flow instrument test equipment 
which measures a reference body product which a piston moves in a predetermined section in 
a cylinder, and becomes settled, and volume by a flow pulse which a flow instrument to be 
examined outputs, and examines a flow instrument to be examined. When considering a 
standard deviation calculating means which computes the irregularity of said flow pulse as 
standard deviation sigmal, and a predetermined proving number of passes of said piston as 
one run and making repeatability at the time of 1 run into R^, An incorporation pulse number 

calculating means which incorporates from said flow pulse and computes pulse number N as 
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N=(C/R ^) -sigma ^ (however, C and a constant),When making a proving number of passes per 
two runs into Np and setting to R2 repeatability for which it asks, A proving number-of-passes 

calculating means which computes proving number-of-passes N p as N p =(R ^/R^ ) — (however, 

b constant) based on said incorporation pulse number N, having a driving means which drives 
said piston based on said proving number-of-passes Np - or, (2) a flow instrument which 

outputs a flow pulse of a discharge coefficient defined in constant flow to be examined, and a 
section - the inside of a fixed cylinder - liquid - carrying out the series connection of the 
reference volume pipe which has a piston which can slide densely, and. In flow instrument test 
equipment which measures a reference body product which a piston moves in a 
predetermined section in a cylinder, and becomes settled, and volume by a flow pulse which a 
flow instrument to be examined outputs, and examines a flow instrument to be examined , A 
discharge coefficient calculating means which defines a proving number of passes per 1 
measured frequency, and computes a discharge coefficient for this every proving number of 
passes. When an examination is ended when said standard deviation is below repeatability of 
a regular discharge coefficient, a standard deviation calculating means which computes 
standard deviation of a discharge coefficient to this computed discharge coefficient, and, and 
repeatability of said regulation is exceeded, A main operation machine which has a 
determining function which makes measured frequency 2 times when a proving number of 
passes per 1 measured frequency is defined according to a size of standard deviation of a 
discharge coefficient and this proving number of passes exceeds a predetermined number, A 
drive control section which drives said reference volume pipe based on an output of this main 
operation machine was provided. Hereafter, it explains based on an example of this invention. 
[001 5] Drawing 1 is a block diagram showing an example of principle composition of flow 
instrument test equipment of this invention. As for the flow tube and 2, a flow instrument to be 
examined and 3a among a figure a bypass valve and 3 for one A flow pulse generator, 4 ~ 
SVP (small volume prover) and 5 ~ a cylinder and 6 ~ a piston and 7 ~ as for a lead pipe and 
13, a drive control section, and 15 and 16 are [ a detector and 10 ] opening and closing valves 
an actuator, and 1 1 and 12 a piston rod, and 8 and 9 CPU (main operation device) and 14. 
[0016]Are what the cylinder 5 which serves as a reference volume pipe in flow instrument test 
equipment of a graphic display stopped both ends, and processed an inner diameter 
dimension uniformly precisely, and in this cylinder 5. A seal means (not shown) which carries 
out the seal of this cylinder 5 inner surface is established, the piston 6 which slides without 
liquid leakage is inserted, the piston rod 7 adheres to this piston 6, the actuator 10 is 
connected to the other end of the piston rod 7, and the piston 6 is driven to shaft orientations. 
Movement magnitude of the piston 6 is detected to the actuator 10, and a position transducer 
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demands is contained in it. 

[0017]Tlie detectors 8 and 9 which send a reference body Kazunobu itenn to an outer wall near 
the end face of the cylinder 5 are formed, and position signal and S2 are respectively sent 

by movement of the piston 6. Based on directions of CPU13, you carry out the open circuit of 
the valve 2 and the valves 15 and 16 with the drive controlling device 14, and the piston 6 
makes it reciprocate here. 

[0018]Operation of a flow instrument examination starts an examination by instructions of 
CPU 13, when the piston 6 is in a position of a dotted line. The drive control section 14 
considers it as the valve 15, 16 open one, and valve 2 close, and drives the piston 6 by 
constant speed by the actuator 10. When a flow is not constant, in order to consider it as 
steady flow, movement speed is controlled uniformly, comparing with position signal S^. 

[0019]lf the piston 6 passes the detector 9, signal is sent, the flow pulse P is sent at an 

unequal interval from the pulse generator 3a of tine flow instrument 3 to be examined, and this 
flow pulse P will be measured until the piston 6 reaches the detector 8. From during-this-period 
CPU18, a clock pulse (for example, 100 kHz) of high frequency is sent. After detector signal 

and S2 are sent, detection of volume within 1 flow pulse is made via said clock pulse, and a 

flow examination of 1 proving path completes a flow pulse sent first respectively. 
[0020]After a flow examination of 1 proving path is completed, the piston 6 serves as valve 15 
close, bypass valve 2, and valve 16 open one, and is returned to a dotted-line position, since a 
test result of a dispatch position of the first flow pulse P is indefinite to detector signal and 

and moreover unequal, it is unequal - a part - it is accompanied by an error. 

[0021]When a some times proving path is performed, variation according to an unequal rate 
arises. For this reason, a proving number of passes is increased and ******** is raised. In order 
to make repeatability (%) small, in quest of repeatability (%), this is further ******(ed) twice by 
considering a proving number of passes of multiple times as one run (Ran), and two runs are 
examined. drawing 3 is a graph which shows an example of a test result of relation between the 
irregularity of a flow pulse, and repeatability, and a flow instrument to be examined is the 
positive displacement flowmeter A, B, and C and a turbine meter with which principle 
structures differ ~ a positive displacement flowmeter - each - a transfer gear train ~ with, it is. 
If a horizontal axis sets a vertical axis as standard deviation (sigma|) % of flow pulse cycle 

irregularity to taking-in pulse number N of a flow pulse with repeatability at the time of 1 run 

(%), [0022] 
[Equation 1] 
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N= (C/RJ ^ • Pi 



( 1 ) 



[0023]Though natural [ there is ****** namely, ], in order to make repeatability small per one 

run, it is sliown tliat wliat is necessary is just to mal<e small standard deviation sigma ^ of tlie 

irregularity of a flow pulse cycle. The constant C and the number a of curtains (for example, a= 
1.0, C= 4) are defined by functional relation. 

[0024]Drawing 4 is a graph which shows the example of a test result of the correlation of the 
repeatability (%) and the proving number of passes to demand, and a flow instrument to be 
examined is the same as the flow instrument which raised to drawing 2 . Repeatability R^ (%) 

to demand is shown on proving path severalrequired Np per two runs, and a vertical axis by 
the horizontal axis. 

[0025]lf it asks for a proving number of passes per two required runs from this graph, [0026] 
[Equation 2] 

Np= CR./Rj"^ (2) 

[0027]lf there is ****** and proving path several required Np is increased, repeatability (%) will 
become small and its reproducibility will improve. The radicand b (for example, b= 0.8) is 
defined by functional relation. 

[0028]This invention asks for the proving number of passes for obtaining required repeatability 
(%) based on above-mentioned drawing 3 and drawing 4 , The computer operation of proving 
path several required Np per two runs is done by CPU13, and the examination of only this 
required proving number of passes is wound via the drive control section 14 by instructions of 
this CPU 13, and it returns. 

[0029]Drawing 2 is a figure showing a flow chart of computer software, and measures 
irregularity sigma^ (%) of a flow pulse which the flow instrument 3 measured by Step 1 : by pass 

valve 2 open one and piston 6 halt condition sends. In this case, a flow pulse to incorporate 
carries out n pulse sampling continuously, and calculates irregularity sigma . as standard 



Step2 : Calculate taking-in pulse number NLfrom capacity (1: lytta) of a flow pulse, a meter 
factor (1/p: lytta/pulse), and SVP. 

Step3 : It was shown in (1) type of the irregularity of a flow pulse, and repeatability illustrated to 
drawing 3 . [0030] 
[Equation 3] 

N= (C/RJ ^ ' oi 
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[0031]Repeatability per one run (%) is calculated from * 

Step4: Repeatability and a proving path several Np correlation function which were illustrated 
to drawing 4 w ere shown in (2) types. [0032] 
[Equation 4] 

Np= (R,/RJ"^ 

[0033]Proving path several required Np per two runs is calculated from **********. 

Step5 : Set a test mode as CPU 13 with the command which passes Npx2 run. 

Step6 : Send the instructions which perform a flow examination to the drive control section 14 

according to the set-up test mode. 

[0034]ln the above-mentioned computing type, in Stepi, first, irregularity sigmaj (%) of the flow 

instrument to be examined was calculated as standard deviation sigmaj, and the flow pulse 

number for incorporating the flow pulse proportional to the size of this standard deviation 
sigma| was computed in Step2. This taking-in flow pulse number N is defined as a quantity 

relevant to repeatability R^ per one run. However, since taking-in flow pulse number N is 

defined by a flow instrument to be examined and SVP, it is actually unnecessary for computing 
a taking-in flow pulse number specially. 

[0035] Drawing 5 is a figure showing a flow chart of a main operation device of other examples 
in flow instrument test equipment of this invention. For example, proving path severalNp of 
piston movement per one run, i.e., the number of times per number of times of 1 examination, 
is appointed beforehand. A discharge coefficient (Meter Facter) for every proving number of 
passes can be calculated, it can ask for the standard deviation sigma of a discharge coefficient 
from this calculation result, and a proving number of passes per one run for obtaining 
repeatability defined according to a size of this standard deviation sigma can also be defined. 
Stepi : Appoint proving path several Np per one run at 5 times in constant flow. 
Step2 : Compute average value of 5 times of discharge coefficients from 1 to 5 times of 
discharge coefficients in every proving path severalNp measured in Stepi, M^^, M^^- M^^. 

Step3 : Compute a positive square root of distribution of this error to the standard deviation 
sigma in quest of the distribution (i= 1, 2-5) i with error from discharge coefficient M^,^ for every 

proving number of passes, M^, ~, M^^, and average value of a discharge coefficient. 

Step4 : It is smaller than marginal accuracy of SVP, for example, 0.013%, or when equal, the 
computed standard deviation sigma prints out the standard deviation sigma at this time as 
repeatability (%), and ends proving. 

Step5 : If the standard deviation sigma is larger than 0.013% of marginal accuracy of SVP, in 
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order to obtain repeatability defined independently, for example, B= 0.04%, they are these B 
values and the standard deviation sigma. [0036] 
[Equation 5] 



[0037]Proving path several Np at the time of it having been alike, substituting and making the 
number of times of a run of a flow examination into 2 times is computed. (3) A formula is 
alpha= 0.8 in the experimental value which this invention person calculated. 
It asks for proving path several Np from (3) types from the standard deviation sigma value 
computed in Step6 :Step3, and B= 0.04%, From the small value of a standard deviation sigma 
value, proving path several Np of the integral multiple of N<=5, N<=10, N<=15, and N<=20 and 
N= 5 is appointed, and proving path several Np which becomes large towards a large value is 
set as applicable N-ary. 

Step7 : In the case of N> 5, based on proving number-of-passes N defined by the above- 
mentioned Step6, a flow instrument examination of two runs is done by proving path several 
applicable Np. 

StepS: Two runs of a discharge coefficient for every flow defined by carrying out data 
processing compute data of a flow instrument test result of Step7 respectively, and calculate a 
discharge coefficient as the average value. 
Step9 : Print the result of an operation. 
[0038] 

[Effect]According to this invention, there are the following effects so that clearly from the above 
explanation. The effect corresponding to claim 1; since repeatability is increased when 
examining the flow instrument which sends the flow pulse of an irregular unequal train of 
impulses by SVP, Since the number of times of an examination required in order to obtain the 
repeatability to demand to having made the number of runs only increase conventionally can 
be set up automatically, a reliable discharge coefficient (meter factor) is obtained, and since 
the still more nearly unnecessary number of times of an examination can be excluded, test 
time can be shortened. The effect corresponding to claim 2; In a specified flow rate, the 
proving number of passes per number of times of 1 examination is defined beforehand. The 
standard deviation of the number of flow instruments is computed, and since the proving 
number of passes for obtaining regular repeatability according to the experimental value 
defined based on this standard deviation is obtained, a flow instrument examination is 
rationalized. 



[Translation done.] 
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